I. Materials and Methods.
The specimens of submaxillary and sublingual glands were obtained from some part of these glands during lower jaw resection, which was performed with a diagnosis of benign tumor (ameloblastoma and ostitis fibrosa) or large cyst in the jaw bone.
The specimens of part of the parotid gland were removed following operation on upper jaw carcinoma. Those salivary glands revealed no malignant changes or sialoadenitis. The tissues from human salivary glands (parotid gland 3, submaxillary gland 10 and sublingual gland 1) which had been surgically removed were frozen in a dry-ice acetone mixture for less than two hours. Twenty serial sections were cut in a cryostat stsate solution for demonstration of the following enzymes.
For the demonstration of succinic dehydrogenase activity, the method of NACH-LAS et al (1957) was used, and for DPN-and TPN-linked dehydrogenase activity, a modified method of NACHLAS et al. (1958 a, b) was employed.
buffer at pH 7.6, 2.5mg of DPN, 2ml of 0.1M KCN (adjusted to pH 7.6 with 0.5M HCL).
Malic dehydrogenase demonstrating solution was prepared with 5ml of 1M sodium malate and added with the same dosages of other reagents as above indicated.
For the demonstration of glucose-6-phosphate dehydrogenase, the solution containd 4ml of 0.02M disodium glucose-6-phosphate, 3ml of Nitro BT apueous solution (5mg/ 3ml), 11ml of 0.1M veronal buffer at pH 7.6 each 1ml of 0.01M MgCl2 and 0.5M MnCl2 solution and added with 7mg of TPN.
The substrate solution for isocitric dehydrogenase consisted 4ml of 0.1M trisodium isocitrate, 3ml of Nitro BT solution (5mg/3ml), 11ml of veronal buffer at pH 7.4, each 1ml of 0.01M MgCl2, 0.5M MnCl2 and added with 2.5mg of TPN. For the demonstration of monoamine oxidase, the tryptamine-tetrazolium methed by GLENNER et al. (1957) was adapted. The substrate solution contained 25mg of tryptamine hydrochloride, 4g of sodium sulfate, 5mg of Nitro BT 5ml of 0.1M phosphate buffer at pH 7.6 and added with 15ml of distilled water.
The detection of cytochrome oxidase the method of BURSTONE (1961) was used. After incubation the specimens were fixed in 10% formalin solution for 1 hour, rinsed in distilled water, dried in room temperature and mounted by balsam.
II. Results.
Parotid giand. The activity of succinic dehydrogenase and cytochrom oxidase in duct cells was the highest, and was moderate in acini ( Fig. 1) . Lactic dehydrogenase activity was moderate to high in the duct epithelium, and that of acini was cerophosphate dehydrogenase was moderate to high in duct cells and moderate in acini.
Glufamic dehydrogenase showed a moderate reaction in dncts, and low or trace in acini present in a low degree in duct epithelia and low to trace in serous acinous cells. Submaxillary gland.
The most intense activity for succinic dehydrogenase and cytochrome oxidase was present in the duct system, i.e., intra-and interlobular ducts. Succinic dehydrogenase activity was moderate to low in serous acini and low or trace in mucous cells (Fig. 4) butyric dehydrogenase activity in ducts was weakly or hardly stained, and that of acini was slight or absent (Fig. 6 ). Isocitric and glucose-6-phosphate dehydrogenases in ducts were low or trace, and those of acini were almost negative (Fig. 7) . Aconitase activity was moderately present in ducts and slightly in acini (Fig. 8) . Monoamine oxidase activity of both ducts and acini was moderate, that is, the enzymatic reaction in ducts was lower than in of acini (Fig. 9) .
Sublingual gland. The human sublingual gland consists of mucous acini and a few duct cells. Succinic dehydrogenase activity was extremely high in ducts, and it was considerably marked on basal side of acini (Fig. 10) in low or trace amount of ducts. Activity was usually low or trace in ducts and mucous acini. But sometimes a myoepitbelial like structure showed the enzymatic activity. Monoamine oxidase activity was absent in either ducts or acini. Comment. The enzymatic activities studied were generally found the highest in the duct system for three salivary glands, especially succinic dehydrogenase was the most intense. Lactic dehydrogenase in acini was considerably higher. DPN-linked dehydrogenases except for lactic dehydrogenase showed a varying staining in gland tissues. In general, TPN-linked dehydrogenase reactivities in ducts were rather low and those of acini were trace or almost absent. Serous acini (parotid and submaxillary glands) were usually better stained than mucous acini (sublingual gland).
III.
Disucssion.
The localization of hydrolytic enzymes in mammalian salivary glands has been already described (BURSTONE 1956 , CHAUNCY and QUINTARELLI 1959 , 1961 , KAWAKATSU et al. 1960 a. b, 1961 , 1962 d, SUGIMOTO 1960 . And also histochemical natures of mucopolysaccharides (QUINTARELLI and CHAUNCY 1969, QUINTARELLI et al. 1961 ) and fat consituents (VACEK and NOVOTN'Y 1959, KAWAKATSU, et al. 1961 b) in serous and mucous cells in salivary glands has been reported. It is concluded that mucous acini exhibited a strong stainability for PAS and alcian blue, and contained a low amount of hydrolytic enzymes. Serous acini, on the contrary, disclose a slight staining for mucopolysaccharides and rather a high to moderate reaction for hydrolytic enzymes with some variations.
In general, cells of the duct system contain not only several hydrolytic enzymes in a high degree but also protein bound sulfhydryl groups (KAWAKATSU 1962 a) . Regarding the oxidative enzymes distributed in salivary glands, the localization of succinic dehydrogenase (PEARSON and DEFENDI 1954 , PEARSE 1958 , RUTENBURG et al. 1953 . KA-WAKATSU et al. 1962 ) and cytochrome oxidase activitias (SCHNEIDER and PERSON 1960 , BURSTONE 1961 , PERSON et al. 1961 ) has been reported. It is reported there both enzymes were the highest in their activities in the duct epithelium of salivary glands. This histochemical findings of the highest reaction of the oxidative enzyme in salivary gland ducts was in good accordance with a findings where numerous mitochondria are present in corresponding sites on an electronmicroscopic basis (PEASE 1956 , SCOTT and PEASE 1959 , SCHNEIDER and PERSON 1960 , PARKS 1961 . Certein DPN-and TPN-dependent dehydrogenases in salivary glands have not been explained in detail, but the presence of those coenzyme linked dehydrogenases in the duct system could be explained with the distribution of succinic dehydrogenase and cytochrome oxipase. (HESS et al. 1958 , GROSS and HESS 1960 , KAWAKATSU et al. 1961b ).
The results obtained in the present study show that human salivary glands which contained serous components were capable of a comparatively high grade of oxidative enzymes, and mucous elements resulted in low or trace amounts of those enzymatic reactions. Thus, the great differences in stainability for histochemical dehydrogenases and oxidases were demonstrated in cellular components, such as serous and mucous cells. A finding that the duct epithelium of human salivary glands presented variable activities for coenzyme-linked dehydrogenases, has been obtained in some histochemical studies. More abundant oxidative enzymes in the ducts of human salivary glands than in acinous cells seem to afford an explanation that the former contain more active components concerning the oxidative metabolism than the latter.
IV. Summary.
Histochemical response have been determined on hnman three salivary glands using the Nitro BT method. Succinic dehydrogenase, DPN-dependent dehydrogenasee dehydrogenase (isocitric, glucose-6-phosphate and aconitic), cytochrome oxidase and monoamine oxidase were demonstrated on cryostat sections.
The intensity of staining reaction in the duct, especially in the intralobular duct or striated duct was the highest for succinic dehydrogenase and cytochrome oxidase, and other coenzyme dependent enzymes showed from a comparatively high to low reaction.
The enzymatic activity of serous acini was more intense than that of mucous acini.
